Structural and lithological formations
Structural and petrological studies led us to distinguish four Precambrian formations within the Mayo Kebbi area, one volcano-sedimentary formations and three plutonic groups, in the following chronological order: (1) the Volcanic and Sedimentary Group of Zalbi (VSZ), (2) the first intrusion phase of gabbros-diorites, 3) the second intrusion phase of tonalitic rocks, and (4) the third intrusive phase of batholithic dioritic to granitic plutons (Fig. 2, Fig. 3, Fig.  4 , Fig. 5 and Fig. 6 ). Fig. 4 . Structural map of the Lake Léré area. Outline of lineaments using spot image. Note the fine and dense linear patterns of the folded or foliated rock groups: Zalbi Group, igneous rocks G1 and G2. In contrast, the posttectonic G3 rocks show large and sub-circular patterns. The late brittle tectonic is expressed by a few but long lineaments striking NNE, NNW, NW and WNW, the latter being exploited by dolerite dykes and Mesozoic graben faulting. 
The volcanic and sedimentary group of Zalbi (VSZ)
The VSZ Group crops out in two basins, the Goueygoudoum basin to the east, and the Zalbi basin to the west, at the Cameroon border (Fig. 2) . The Goueygoudoum area is a covered by thick soil and shows only few bedrock outcrops. The Zalbi area has good outcrops around Lake Léré and along the Mayo Binder valley, allowing construction of a complete lithostratigraphic column. The Zalbi basin is a faulted SSW-NNE trending elongated trough bounded to the west by left-lateral strike-slip faults and to the east by a 70° westward dipping reverse fault ( Fig. 3 and Fig. 4 ). It is crosscut by WNW-ESE faults that control the development of the Cretaceous basins. It includes epimetamorphic volcanic and sedimentary formations. A WNW-ESE compressional event resulted in isoclinal folding and development of schistosity. Fold axes are striking N 30° with axial planes dipping 70° to the west.
Four units are distinguished in the VSZ of the Zalbi basin, from base to top: Unit 1, basaltic volcanic and volcano-sedimentary rocks, Unit 2, sandy and silty claystones, Unit 3, black shales, and Unit 4, spilitic rocks. The lower part of Unit 1 and the upper part of Unit 4 record the thermal metamorphic effects of the neighbouring plutons. Away from these plutons and from the volcanic flows, the middle Units 2 and 3 are only weakly metamorphosed in the upper epizone.
The lower part of Unit 1 consists of metabasites interbedded with chlorite schists, interpreted as subaqueous basaltic flows with intercalated volcano-sedimentary rocks. Some massive strata (thick flows and sills) in this sequence are determined as meta-gabbros and metapyroxenites. In the basal part of the pile, a few decametre-scale lenticular layers of talc schists and grey chlorite schists were observed. Their mineral composition (saponite, talc, Cr-rich magnetite and chromite) indicates that they are meta-ultrabasites. Stratigraphically higher, dispersed metre-scale bodies of sulphur-rich green chorite and silexite aggregates are intercalated with the meta-basalts. They are interpreted to be hydrothermally altered basaltic rocks. In the middle part of the unit, the metabasite strata are more heterogeneous in thickness and grain size and include basaltic pyroclastic flows and beds. The middle to the upper part of Unit 1 is characterized by an increasing amount of sedimentary material, and consists of metaepiclastites, quartz-rich sericite schists and silty-claystones.
Unit 2 is a thick and monotonous pile of sandy to silty claystones. It shows a succession of decimetre-scale fining-upward sequences. The fine-grained detrital material was supplied from a distal terrigenous source. Unit 3 is dominated by deposition of black shales, suggesting deepening of the basin. The prevalent rock is a pyrite-rich ampelite. From the middle to the upper part, a number of decimetre-scale grey cherts and acidic ash-fall layers are interbedded. The upper part is characterized by intercalation of metre-scale sills of spilite.
Unit 4 is a stack of spilitic flows of variable thickness.
The first plutonic Group (G1)
The G1 Group is characterized by compressional deformation and shearing. It consists of protomylonitic to mylonitic kilometre-scale intrusions of gabbroic to dioritic rocks located at the borders of the Zalbi Basin ( Fig. 3 and Fig. 4 ). These include the Mourbamé, Boloro and Guémou gabbros, to the east, and the Guégou diorite, to the west. These bodies experienced the eastward thrusting of the Zalbi Basin, and also were involved in the same WNW-ESE compression event. They gained a pervasive planar fabric and solid-state deformation that developed a proto-mylonitic texture. Intercalations of foliated amphibolites are disposed along the tectonic contacts, at the edges with the Zalbi basin and at the faulted zone bordering the late and undeformed granite plutons. A schematic cross-section illustrates the tectonic setting (Fig. 6 ).
The Mourbamé and Boloro blocks are separated by reverse faults. A large apophysis of pegmatitic granite intrudes the Mourbamé block. The Guémou block is overthrust by the Zalbi formations at its western side. It is invaded by a late granite intrusion at its eastern side. In this latter area, typical magmatic stoping processes are well developed, with disintegration of the gabbro by the granite mass, mechanical mixing and sinking of large blocks of gabbro, and also of foliated metabasites from the Zalbi formations, into the pegmatitic roof of the granite pluton. To the west, the dioritic body of Guégou caused a strong thermal metamorphism in the spilites of the upper Zalbi Group.
The second plutonic Group (G2)
The G2 Group includes tonalitic plutons intruded farther east in the Léré area. They constitute the massif of the Gauthiot Fall and are bounded to the west by N 110° and N 150° faults that were rejuvenated during the Cainozoic tectonic events, and to the east and north-east, by the late granite plutons (Fig. 2 and Fig. 3 ). The massif is cut by a pervasive solid-state to ductile deformation characterized by a sub-vertical foliation, gneissic layering trending N 30°, and a horizontal mineral lineation. Foliation and layering involving complete and pressure guided recrystallization were generated at a mesocrustal level. In that condition, the vertical lithostatic pressure exceeds the horizontal stress effect and the strain X-axis becomes horizontal, that causes the horizontal lineation. Then, the structural features are interpreted to be the result of a WNW-ESE compressive stress at moderate to high pressure. In the Gauthiot Fall area, a second and lower pressure stress event is recorded by a N 110° striking schistosity dipping 10° to the north, and a set of mylonitized shear planes, with the same N 110° strike but dipping 70° to the south (Fig. 4) . The mylonites have a down dip N 210° stretching lineation that indicates SSW transport. This second stress occurred after the uprising of the Gauthiot Fall massif.
The third plutonic Group (G3)
The G3 Group includes post-tectonic plutons that form the Pala-Léré batholith (Fig. 2) . In the Léré area, two successive magmatic pulses are distinguished (Fig. 3) . The first intrusive bodies (G3a) are mainly tonalitic to trondhjemitic and crop out east and south of Léré at Matansang, Lampto and Mabadgé. They are devoid of any pervasive deformation. They may represent the remains of a large pluton that was subsequently engulfed by large granite plutons of the second magmatic pulse (G3b). These plutons coalesced to create batholith domains, north of Pala, east of Léré, and west of Zalbi. Most of these plutons, of decakilometric size, are sub-circular and equigranular. East of Léré, three medium-sized plutons of monzogranite and biotite granite are exposed: the Léré, Tréné and Guélo plutons. Each pluton is characterized by a sub-circular planar fabric that is sub-horizontal in the middle and steeply dipping toward the edges (Fig. 4 and Fig. 6 ). Distribution of the thermally metamorphosed and deformed xenoliths of the former country rocks (mainly amphibolites and amphibole-bearing gneiss) is parallel to this fabric. The pegmatitic dome-shaped roof of the plutons is commonly observed. In this roof zone, xenoliths are moderately deformed and metamorphosed. Some large sub-horizontal panels consist of metabasites, metagabbros and chlorite schists, particularly in the Léré and Tréné area. These rocks share the same composition as those of the Unit 1 of the Zalbi Group. Between the plutons, and along the sub-meridianal fracture zones, large inter-pluton screens are foliated and thermally transformed into meta-gabbro, amphibolite, amphibole-bearing gneiss and gneiss. In a few zones, screens of amphibolite-gneiss reach a kilometre scale. These screens also derived from the former country rocks that have been invaded by the igneous intrusions.
To the west of the Zalbi basin, the biotite granite pluton of Zabili exhibits the same lithostructural features, with a thick pegmatitic cap. To the northeast, the muscovite-bearing granite or leucogranite of Boularé intruded the Gauthiot Fall tonalite (Fig. 2) . Farther to the east, granodiorite and granite bodies in the Pala area and a sub-circular biotite granite pluton near Fianga belong to the same plutonic phase. A single intrusion of pyroxene-bearing quartz diorite crops out north of Pala, and is also related to this phase.
Petrochemical compositions
Samples of the four lithostructural groups have been analysed, for their mineral compositions by electron microprobe analysis at the joint microprobe laboratory of Centre National pour la Recherche Scientifique-University-Bureau de Recherches Géologiques et Minières of Orléans, and for their geochemical compositions, by inductively-coupled plasma emission spectrometry (major elements) and inductively-coupled plasma-mass spectrometry (minor and trace elements) at the analytical lab of the Centre de Recherches Pétrographiques et Géochimiques of Nancy.
The Zalbi group magmatic rocks

Petrography
Petrological investigations are focused on the magmatic rocks including basalts, spilites, gabbros, pyroxenites, and ultrabasites. In spite of the epizonal metamorphism and local development of foliation, magmatic textures are recognizable except near shear zones and pluton contacts, and in some highly hydrothermally altered areas. The primitive magmatic minerals are mostly badly preserved. They are replaced by geenschist minerals, either by static or by dynamic foliation-guided recrystallization. Spilitization of lavas of the upper Unit has modified the magmatic assemblage into recrystallized spilitic secondary minerals.
The basalts have a microlitic porphyritic texture, with variable amounts of phenocrysts. Phenocryst phases include albitized plagioclase and clinopyroxene recognizable by shape but now occurring as pseudomorphic Mg-hornblende. The groundmass includes microlites of albitized plagioclase, microcrysts of epidote rich in clinozoïsite (Cz% 75.6-76.1) and microcrysts of magnetite, in a random aggregate of chlorite (ripidolite-picnochlorite), actinolite and calcite. The gabbros preserve a granular texture and magmatic phases comprising plagioclase, clinopyroxene and rare magnetite. Local cumulate layers are observed. The calcic cores of large plagioclase reach An55. These minerals are partly replaced by associated albite and epidote. The relict cores of the pyroxene crystals have a composition of diopside and are very poor in Ti, Al and Na. The rest of the ferro-magnesian minerals are replaced by calcic amphibole ranging from Mg-hastingsite to tchermakitic hornblende and Mg-hornblende. A late magmatic formation for some of these amphiboles cannot be excluded. The groundmass includes actinolite, epidote, chlorite (ripidolite), albite, quartz and calcite. The pyroxenites are characterized by cumulate textures and a high amount of former pyroxenes. These pyroxenes were magmatic clinopyroxene, and perhaps orthopyroxene, replaced by Mg-hornblende, actinolite, tremolite, and cummingtonite. The abundant flakes of secondary chlorite are Mgrich clinochlore.
The talc-rich lenticular bodies sampled close to the base of the lower Unit are former ultrabasic rocks with no original texture visible. The mineral content is dominated by talc and saponite. Sparse Cr-rich magnetite (4.2 < Cr 2 O 3 % < 7.9; chromite% = 5.7-12.0) and Fechromite (Cr 2 O 3 % = 33.0; chromite% = 51) are present. These Cr-minerals are devoid of Al, Mg and Ti, and are of secondary origin. The other phases include Mg-carbonate (magnesite 90.3-91.5%; siderite 7.8-9.3%), titanite, rutile and pyrrhotite. The talc schists are associated with chlorite schists made of aggregated ripidolite-pycnochlorite, paragonite and muscovite, and of Mg-Fe-Ca carbonates (dolomite 42.1-57.4%, siderite 19.0-28.7%, calcite 22.5-28.9%), epidote, albite, magnetite (0 < TiO 2 % < 2.6), rutile, and pyrrhotite. These latter chlorite-rich units, and other isolated oval-shaped bodies of similar composition, may have originated from intrabasinal hydrothermal alteration.
Geochemistry
Chemical analyses of the Zalbi Group magmatic rocks are given in Table 1 . Chemical compositions of these rocks are affected by alteration and post-magmatic process, spilitization, weak thermal metamorphism and hydrothermal alteration. The major element contents may have been modified, mainly for alkalies, CaO, and, sometimes, MgO. The basalts and gabbros have the following range in composition: 46.7 < SiO 2 % < 55.4, 0.7 < TiO 2 % < 1.0, 9.4 < MgO % < 10.5, 0.36 < MgO/MgO + FeOt < 0.54, and 1.2 < Na 2 O + K 2 O < 3.7. Normative compositions are fairly saturated (Qtz = 0-1.7) to oversaturated (Ne = 0.1 in the more mafic sample). Normative olivine ranges from 20 to 0 (consistent with the MgO contents), but no olivine is observed in the thin sections. One gabbro is characterized by high MgO-content and low alkali-content, consistent with its pyroxene cumulate texture. The same features are fully expressed by the cumulate pyroxenites, with MgO ranging from 19.5% to 21.4%. Spilites show high loss on ignition and moderate Na enrichment. They are mafic (42.7 < SiO 2 % < 46.4) and enriched in Ti (1.2 < TiO 2 % < 2.3). Basalts and gabbros have a very low rare earth element (REE) fractionation, (La/Yb) N = 1.2-2.9, moderate negative Nb-and Ta-anomalies, (Nb/La) N = 0.4-0.7 and 0.2 for one sample, variable Th patterns, (Th/La) N = 0.4-1.0, moderate Ba-enrichment, and random contents of Rb (Fig. 7) . Some Ti-negative anomalies may be due to mineral fractionation. The cumulate pyroxenites exhibit an overall depletion of the incompatible elements that is explained by the dilution effect. The spilites are slightly more fractionated, (La/Yb) N = 3.0-5.4, depleted in Nb and Ta, (Nb/La) N = 0.1-0.4, and in Th, (Th/La) N = 0.4-0.7.
Geochemically, the Zalbi mafic rocks compare poorly with N-MORB and island arc tholeiite (IAT), which are more depleted in the most incompatible elements (Fig. 7B) . They show some similarity with basalts from the Sea of Japan (BABB), a back-arc basin above a thinned continental crust, but the Zalbi rocks are clearly enriched in the most incompatible elements. Similarly, their profiles mirror the average continental tholeiite profile (CT); however, the Zalbi rocks are less enriched. Thus, the Zalbi Group basaltic rocks have geochemical patterns intermediate between those of the back-arc basin basalts and of the continental tholeiites. and McDonough (1989) . A, individual profiles of (meta) basalts, gabbros, spilites and pyroxenites. B, Comparison of basalts-gabbros and spilites with average profiles of continental tholeiites (CT after Holm, 1985) , back-arc basin basalts, island arc tholeiites (BABB and IAT after Pouclet et al., 1995, and unpublished data) and N-MORB (after Sun and McDonough, 1989) .
The pre-tectonic intrusions of gabbro-diorites (G1)
Petrography
The proto-mylonitic granulation and recrystallization has variably modified the magmatic texture of the G1 gabbros and diorites. The best-preserved gabbroic rocks, with their primary magmatic minerals, are seen in the Boloro block. The texture is allotriomorphic coarse grained and consists of diopsidic clinopyroxene (Mg% 45.6-48.2, Fe% 13.7-16.6, Ca% 36.3-38.1), amphibole Mg-tschermakite to Mg-hastingsite, plagioclase An51-72, less abundant potassium feldspar, Mg-biotite flakes (XMg (Mg/Mg + Fe) = 0.53-0.60; TiO 2 % = 2.2-2.5), quartz, magnetite, ilmenite, and apatite. The pyroxene has low Na and Al contents (Ac% 1.4-3.4; Jd% 0.3-3.2) and is devoid of Ti. It is partly replaced by Mg-hornblende and wrapped with sheaves of cummingtonite and actinolitic hornblende of secondary origin. Local occurrences of plagioclase-rich cumulate zones also occur.
In the heavily tectonized blocks of Mourbamé and Guémou, the magmatic minerals have been recrystallized, diopside to hornblende and actinolite, plagioclase to albite and epidote (Cz%, 75) , and biotite to pycnochlore.
The dioritic massif of Guégou is less deformed in its inner part. Here, the texture is granular and consists of magmatic amphibole Mg-hastingsitic hornblende, Mg-biotite (XMg = 0.52-0.58; TiO 2 % = 1.5-2.8), plagioclase, potassium feldspar, clinozoisite, titanite, quartz, magnetite and apatite.
In the FeOt/MgO/Al 2 O 3 diagram of Rossi and Chèvremont (1987) , the magmatic biotites analyzed in the G1 gabbro-diorites belong to the calc-alkaline association of granitoids (Fig.  8) . The preserved magmatic paragenesis of these gabbros and diorites allows use of the barometer of Al-in-amphibole (Schmidt, 1992) . We used the core composition of the magmatic amphibole. Calculated pressures, at ±0.6 kbars, are 7.7-6.8 kbars in the gabbro of Guémou, 4.9-5.2 kbars in the gabbro of Boloro, and 4.2-4.5 kbars in the diorite of Guégou. Rossi and Chèvremont (1987) , in order to determine the magmatic association of the host-rock. Four main associations related to convergent tectonic domains are distinguishable: calc-alkaline (Calc-Alk), magnesio-potassic (Mg-K), ferro-potassic (Fe-K), and alumino-potassic (Al-K).
Geochemistry
The less deformed rocks of Mourbamé (one gabbro), Boloro (three gabbros), Guémou (one gabbro) and Guégou (one diorite), and the contaminated zone of the Guémou intrusion were selected for chemical analyses ( Table 2 ). The major element contents of the gabbros are: 54.1 < SiO 2 % < 58.4, 0.8 < TiO 2 % < 1.4, 4.3 < MgO % < 2.4, 4.6 < Na 2 O + K 2 O % < 5.4. The alkaline ratio indicates a moderate potassic composition (1.1 < (2xK 2 O)/Na 2 O < 1.5). According to the norm calculation, the rocks are over-saturated (5.2 < Qtz < 11.3). The trace element patterns (Fig. 9A ) exhibit a moderate fractionation (3.0 < (La/Yb) N < 13.0), a moderate Nb-and Ta-negative anomaly (0.4 < (Nb/La) N < 0.5), no or slight Th-enrichment (0.6 < (Th/La) N < 1.5), weak enrichment in Ba and Rb, a slight Ti-negative anomaly (0.5 < (Ti/Ti ) N < 0.8), and no Eu anomaly. The weak enrichment in Sr can be due to plagioclase accumulation. Table 2 . : Chemical analyses of the igneous rocks of the groups 1 to 3. Same method as for Table 1 These geochemical characteristics indicate a calc-alkaline orogenic magmatic signature. The contaminated sample of the Guémou gabbro border can be interpreted as a mixing product of the gabbro with the amphibolitic material derived from the metabasites of the Zalbi Group, that were the country rocks of the intrusion. The diorite is more evolved than the gabbros (SiO 2 % = 64.0, Na 2 O + K 2 O % = 6.5), but, it shows the same calc-alkaline signature ((La/Yb) N = 11.5, (Nb/La) N = 0.4).
Very low contents of Ti and Na in pyroxenes are also consistent with a calc-alkaline orogenic setting for these rocks (Leterrier et al., 1982) . Compared with the average composition of the Chili andesites (CAB, Fig. 9A ), the gabbro-diorites show a similar profile, except for Nb and Ta which are more depleted in the Chili lavas. Meanwhile, an active margin geotectonic context can be suggested for the G1 gabbro setting. Normalizing values after Sun and McDonough (1989) . A, profiles of the gabbro-diorites G1. Selected profile of a metabasite of the Zalbi Group to test the contamination of the gabbro of Guémou. Average profile of the calcalkaline basalt of Chili, for comparison (after Thorpe et al., 1984, and Hickey et al., 1986) . B, profiles of the tonalites and throndhjemites of groups G2 and G3a. Comparison with the monzogranite G3b and with the overall feature of the gabbros G1. C, profiles of the granitoids G3b. D, profiles of the granitoids G3b, excluding the evolved aplite and pegmatite, for comparison with the features of the gabbros G1.
The Gauthiot fall foliated massif of tonalite (G2)
Petrography
The best-preserved tonalites are observed in the NW part of the massif. The texture is coarse grained, with local accumulation of large plagioclase, and is overprinted by a planar fabric. Consequently, the original akeritic texture, characterized by early crystallization of the plagioclase phenocrysts, is only partly recognizable. Magmatic minerals include plagioclase (An 27-29), amphibole (Mg-hastingsite to hastingsitic hornblende), Mg-biotite (XMg = 0.55-0.57; TiO 2 % = 2.1-2.9), titanite, Ti-rich magnetite with exsolutions of ilmenite and rutile, clinozoisite, interstitial quartz and potassium feldspar, and accessory apatite and zircon. However, in most of the massif, deformation and fluid transfer caused albitization of plagioclase, recrystallization of amphibole and biotite to actinolitic hornblende and pycnochlore, and formation of microgranular albite, actinolite, epidote, muscovite, quartz and calcite. In the Gauthiot Fall area, the mylonitization led to a complete replacement of the magmatic phases by secondary minerals.
The magmatic biotite belongs to the calc-alkaline association of granitoids (Fig. 8) . The paragenesis of the tonalite allows use of the barometer of Al-in-amphibole (Schmidt, 1992) . Analyses of the cores of the magmatic amphiboles that crystallized during the pluton emplacement give pressures of 6.3 to 7.3 ± 0.6 kbars.
Geochemistry
A fresh tonalite sample from east of Mombaroua (Fig. 2) , and a protomylonitic tonalite from the Gauthiot Fall were analysed ( Table 2 ). The silica content averages 63%. TiO 2 and MgO are low. Na 2 O is high and K 2 O is low, the sodium prevalence being shown by the alkali ratio (0.2 < (2xK 2 O)/Na 2 O < 0.5).
The trace element profiles are fractionated (8.7 < (La/Yb) N < 12.7), with a strong Nb-and Ta-negative anomaly ((Nb/La) N = 0.2), and a Ba-enrichment (Fig. 9B) . The Rb-enrichment is slight, whereas Th is rather depleted ((Th/La) N = 0.3). In contrast, Sr has a strong positive anomaly that is not associated with a significant Eu anomaly. Because accumulation of plagioclase is frequent in tonalites, this can explain the Sr-enrichment if the plagioclase is devoid of divalent Eu. However, a sourcerelated Sr-enrichment is more likely. There is a good match with the chemistry of the average calc-alkaline basalt from the Chilean arc (Fig. 9B) . Compared to the patterns of the G1 gabbro-diorites, the G2 tonalites show a strong depletion of heavy rare earth elements (HREE) and high field strength elements (HFSE), and a more important Nb-and Ta-negative anomaly. Thus, the two groups, G1 and G2, must have different sources. Depletion in HREE and HFSE is a well-known feature of Precambrian TTG-type (Tonalite-TrondhjemiteGranodiorite) magmas. It is explained by the presence of garnet as a residual phase during melting of garnet-bearing amphibolites in the source (Jahn et al., 1981 and Martin, 1993) . Such an amphibolitic source is present in the subducted oceanic crust, but also in the mafic lower continental crust.
The post-tectonic intrusions of batholith granitoids (G3)
Petrography
The G3a magmatic rocks consist of tonalites, trondhjemites and granodiorites. The main petrographic facies of the G3b rocks is a biotite granite, but monzonitic granites are abundant. A pluton of muscovite-and biotite-bearing leucogranite crops out in the Boularé area, north of the Gauthiot Fall massif. The other facies include granodiorite, diorite, and pyroxene-diorite.
The G3a tonalites exhibit a typical akeritic texture with plagioclase phenocrysts. They can be associated in the same pluton with the granular textured granodiorites. Minerals include plagioclase (An 22-27), Mg-hastingsite, Mg-biotite (XMg = 0.47-0.54; TiO 2 % = 1.5-2.7), allanite, clinozoisite (Cz% 69-75), titanite, Ti-magnetite (TiO 2 % = 15-18), interstitial potassium feldspar and quartz, and accessory apatite and zircon. In the granodiorites, potassium feldspar is more developed and quartz is more abundant. In the trondhjemites, the plagioclase is more sodic (An 21-25), amphibole is less abundant, whereas interstitial potassium feldspar and quartz are more abundant. The barometer of Al in amphibole (Schmidt, 1992) calculated for the cores of the magmatic amphibole of tonalites, gives 5.4-6.5 ± 0.6 kbars for the level of emplacement.
The G3b granodiorites are quite similar to those of the G3a. The G3b monzogranites differ by the lack of amphibole and greater abundance of potassium feldspar and quartz. Plagioclase is sodic (18) (19) (20) (21) (22) (23) (24) (25) (26) , and biotite is more ferrous (XMg = 0.34-0.40). In the granites, the plagioclase An content ranges from 12 to 18, and the potassium feldspar increases in abundance and size. The pegmatitic facies are characterized by large sodium feldspars, abundant potassium feldspars, and flakes of muscovite. This latter facies is commonly observed at the upper part of the east-Léré and north-Pala biotite-granite plutons, of the Zabili pluton, and of the Fianga intrusion. The distinctive feature of the leucogranite of Boularé is the occurrence of primary magmatic muscovite. In all the other granites, muscovite is either secondary and resulting from feldspar alteration, or it is late magmatic and replaces biotite. In the leucogranite, biotite is ferrous (XMg = 0.39-0.42; TiO 2 % = 1.8-2.0), plagioclase is sodic (11) (12) (13) (14) (15) , and potassium feldspar and quartz are abundant. No peculiar aluminous minerals (garnet, sillimanite or cordierite) were identified. The late intrusive pyroxene-bearing diorite close to Pala is characterized by residual crystals of orthoferrosilite (Mg% 25.0-26.2, Fet.% 70.1-72.1, Ca% 2.7-2.9) mantled by Fe-augite , poikilitic large flakes of Ti-biotite (XMg = 0.25-0.27; TiO 2 % = 4.1-4.4), abundant prisms of apatite, and sub-idiomorphic crystals of Ti-magnetite (TiO 2 % = 5.6-6.0) and ilmenite, in a granular textured assemblage of Fe-augite, plagioclase An 22-26, potassium feldspar and quartz.
The biotites of the G3a tonalite belong to the calc-alkaline association of granitoids (Fig. 8) . Biotites of the G3b granites and even of the leucogranite are also calc-alkaline. However, the granite biotites straddle the boundary between the calc-alkaline granitic and ferropotassic monzonitic associations. Biotites of the pyroxene-bearing diorite belong to the ferro-potassic monzonitic association. The barometer of Al-in-amphibole (Schmidt, 1992) calculated for the cores of the magmatic amphibole, gives 3.6-4.1 ± 0.6 kbars.
Geochemistry
The analytical data are given in Table 2 . The G3a tonalites and trondhjemites are characterized by silica contents of up to 68% for the trondhjemites, and high sodium contents (0.3 < (2xK 2 O)/Na 2 O < 0.4). The incompatible element profiles are close to those of the G2 tonalites for the Mabadgé trondhjemite, or intermediate between those of the G2 tonalites and the G3b granites for the Lampto tonalite (Fig. 9B ). This suggests a magmatic source close to that of the G2 tonalites, with a contribution from the source of the G3b granites.
The G3b monzogranites, biotite-granites, aplites and pegmatites are associated in comagmatic plutons. The silica contents range from 66% to 76%, and the alkali contents from 6.2% to 9.2%, with a high-K alkali ratio (1.2 < (2xK 2 O)/Na 2 O < 2.7) for the granites. The alumina ratio is very fairly peraluminous (1.0 < A/(CNK) < 1.1). The trace element patterns of the granites exhibit random fractionation (2.3 < (La/Yb) N < 22.4), reflecting a weak depletion or the lack of depletion of the HREE and HFSE (Fig. 9C ). Thorium and rubidium are enriched (1.6 < (Th/La) N < 2.3). The Nb-negative anomaly is variable (0.1 < (Nb/La) N < 0.5). In most of the granites, Ta is enriched compared to Nb (1.4 < (Ta/Nb) N < 1.6). High Sr-and Ti-negative anomalies and moderate Ba-and Eunegative anomalies can be explained by mineral fractionation processes. The random trace element depletions in aplite and pegmatite are due to pneumatolytic activity and escape. The overall chemical features are consistent with a lower to upper continental crust magmatic origin. In contrast to their very different mineralogical and major element compositions, G3b granites and G1 gabbros share similar trace element enrichment and weak Nb-Ta anomalies (Fig. 9D) . The trace element resemblances may be due to the contribution of similar continental crust material, in the subduction-related component of the mantle source, or in the crustal magmatic source.
The leucogranite has a moderately peraluminous and potassic composition (A/CNK = 1.1; (2xK 2 O)/Na 2 O = 1.2). It is poor in incompatible elements, but enriched in Rb, Ba, and Sr. Except for these latter elements, the chemical fractionation is mild ((La/Yb) N = 12.4), and the Nb-and Ta-negative anomaly is weak ((Nb/La) N = 0.5). The potassium content is low and the Qtz-Ab-Or composition is far to the eutectic point ant does not corresponds to the minimum granitic temperature. The trace element composition is characteristic of a highly depleted evolved magma.
The two diorite samples of Pala (with or without pyroxene) share the same chemical features. They may belong to the same intrusion. The alkali ratio is potassic ((2xK 2 O)/Na 2 O = 1.7). The trace element content is high and moderately fractionated (11.8 < (La/Yb) N < 13.4), with Th, Ba and Rb enrichments. The Nb-negative anomaly is very weak (0.6 < (Nb/La) N < 0.7), and the Ta anomaly is insignificant. Sr-Eu-and Ti-negative anomalies can be explained by mineral fractionation of feldspar and oxides. These chemical features could be those of a fairly evolved crustal magma.
Discussion
Structural data
In the Mayo Kebbi Province, the structural data indicate the succession of the lithological units, in the following order: (1) the volcano-sedimentary Zalbi Group, (2) the gabbro-diorites G1, (3) the tonalite G2, and (4) the tonalites and granites G3. A major WNW-ESE compressional event took place after the deposition of the Group and its intrusion by the G1 gabbros. It may have occurred during or just after intrusion of the G2 foliated tonalite (Fig.  10) . The basin formations and their marginal intrusive bodies exhibit the same structural features, characteristic of deformation at a supracrustal structural level. The Zalbi strata experienced isoclinal folding with fold axes trending N 30°, axial planes dipping 70° to the west, and reverse faulting of the eastern contact. The gabbro bodies show mylonitization along reverse fault planes trending N 30° and dipping 70° to the west, with down dip stretching lineation. In contrast, the Gauthiot Fall tonalite experienced a ductile deformation at a low structural level, that developed a N 30° striking and sub-vertical foliation, together with a horizontal stretching lineation. Such deformation is also compatible with a WNW-ESE compression, at a mesocrustal level (Fig. 10A) . The later intrusion of a number of granitoid plutons occurred after significant shortening had ceased (Fig. 10B) . These plutons invaded the supracrustal formations, creating xenoliths of amphibolites and gneisses and leaving many inter-pluton screens of the host country rocks. Fig. 10 . Sketch of the tectonic setting of the successive group formations. A, pattern of the stress axes at high to low structural level, for the Zalbi Group and gabbro bodies, and for the Gauthiot Fall massif, respectively. The same compressional regime can be work in the two cases. B, uprising of the Gauthiot Fall massif and setting of post-tectonic granites.
Petrochemical data
The petrographic and geochemical data help to determine the geodynamic background. The Zalbi Group were deposited in a marine basin. The presence of slices of ultra-basic rocks, at the base of the basin supports the model of a thinned crustal basement under an extensional tectonic regime. The occurrence of acidic ash layers, the orogenic signature of the lava pyroxenes, and the fairly enriched calc-alkaline trace element patterns of these lavas indicate their location proximal to an active margin. However, the contemporaneous volcanic arc is not clearly identified. Eruption of the spilite flows of the upper Unit was due to renewal of the extensional regime. The G1 gabbroic intrusives may be related to the magmatic activity of the active margin. The orogenic chemical signature of the G2 tonalites is more consistent with a setting below a continental active margin, under high pressure of 6-7 kbars (amphibole barometer). This active margin must have existed before the WNW-ESE compressional event. The post-tectonic patterns of the G3 granitoid plutons agree with their post-orogenic magmatic signature (averaged low Nb-Ta depletion and moderate Rb enrichment). The first magmatic pulse of tonalitic composition, G3a, was emplaced in the middle crust under a pressure of 5-6 kbars (amphibole barometer). The granite plutons of the second pulse, G3b, reached higher crustal levels. The pyroxene-bearing diorites show a more evolved composition and were emplaced at around 4 kbars (amphibole barometer). They belong to the ferro-potassic association that is a common association in a post-orogenic context.
Regional geodynamic interpretation
The Zalbi Group is the equivalent of the Poli Group and of the Rei Bouba Group (Toteu et al., 1984 , Toteu et al., 1987 and Pinna et al., 1994 , which crop out around Poli and Tcholliré (Fig. 11) . These Groups are composed of low-grade metavolcanic and metasedimentary rocks. Both mafic and acidic lavas are reported. In the Poli Group, a rhyolite has been dated by the U/Pb method, yielding an upper intercept age of 830 ± 12 Ma (Toteu et al., 1987) . The Rei Bouba Group is in the southern extension of the Goueygoudoum basin. In this Group, a Pb/Pb date on zircons from a dacite, yields an age of 750 ± 20 Ma (Pinna et al., 1994) . These volcano-sedimentary formations are associated with the calc-alkaline igneous rocks of the Poli Complex and of the Sinassi massif. These rocks consist of tonalites and trondhjemites, dated by Rb/Sr isochron at 677 ± 40 Ma (Pinna et al., 1994) . They are interpreted as the deep parts of a volcanic arc built between 750 and 670 Ma (Toteu et al., 1987 and Pinna et al., 1994) . In that case, the Rei Bouba Group can be defined as a back-arc basin, in relationship with an oceanic plate subduction below the south-eastern continental margin of the Adamaoua-Yadé domain. If this model is true, the Zalbi basin and some parts of the Poli basin could be interpreted as remnants of a fore-arc basin.
Three up-to-date Pb/Pb dates for the gabbro intrusions east of the Zalbi basin yield an average age of 730 Ma (Penaye et al., this issue) . Hence, these gabbros may have intruded the fore-arc basin before thrusting. The tonalite of the Gauthiot Fall massif yields a Pb/Pb date ca. 665 Ma (Penaye et al., this issue) . Its chemistry is consistent with intrusion in an arc setting. In this model, the fore-arc basin, the volcanic arc, and the back-arc basin constitute the Léré-Poli terrane. This terrane represents an active margin system that was accreted onto the Adamaoua-Yade continental block along the Tchollire tectonic zone during the WNW-ESE compressional event. The Adamaoua-Yade block (Fig. 12) is constituted by Palaeoproterozoic terrains remobilized in the Neoproterozoic (Toteu et al., 2001 and Toteu et al., 2004) . Later, post-tectonic granitoid plutons intruded the fractured volcanic arc area. Initially, the G3a plutons have an arc geochemical signature. In a later intrusive stage, an elevated geothermal gradient caused by arc magmatism initiated partial melting of the lower crust, and generated the G3b granites. Previous U/Pb dating of the syn-tectonic diorites and granites of northern Cameroon yield ages between 665 and 633 Ma (Toteu et al., 1987) . Granite deformed by the transcurrent movement along the Tcholliré shear zone has been dated, by the Pb/Pb zircon method, at 639 ± 20 Ma (Pinna et al., 1994) . A more recent and precise Pb/Pb date for a posttectonic G3a tonalite of the Léré area is 638.5 ± 0.9 Ma (Penaye et al., this volume) . The posttectonic granite setting is therefore younger than 640 Ma, just after the compressional event and the accretion of the Léré-Poli Terrane (Penaye et al., this volume) . In the model presented here (Fig. 12) , the Léré-Poli volcanic arc resulted from eastward subduction of an ocean domain located between the Adamaoua-Yadé Block and a western block. In this interpretation, the west Zalbi tectonic zone corresponds to the suture zone of the vanished ocean. The Tcholliré shear zone is the accreted zone of the arc system that constitutes the Léré-Poli Terrane. This area preserves geophysical evidence for crustal thinning from the Adamaoua-Yadé Block to the Léré-Poli Terrane (Dorbath et al., 1984) .
In a paper by Tchameni et al. (this issue) , we investigated the Pan-African igneous rocks that intruded the remobilized Adamaoua-Yadé Block containing Palaeoproterozoic relicts (Penaye et al., 1989 and Toteu et al., 2001) . We interpreted these rocks to record building of a SW-NE volcanic arc, the Ngaoundéré arc, that belonged to a continental active margin resulting from ocean subduction (Fig. 13) . Previous U/Pb dating of a metadiorite in this arc yields 620 ±10 Ma (Toteu et al., 2001 ). The subducted ocean may have been located either to the northwest of the Adamaoua-Yadé Block, with a south-eastward subduction, or to the south-east, with a north-westward subduction. The ocean suture is the Tcholliré shear zone, in the first case, and the Central Cameroon fault or the Sanaga fault, in the second case. The first interpretation is inconsistent with the Léré-Poli arc structure and with the fact that the last magmatic production of the Ngaoundéré arc post-dated the accretion of the Léré-Poli Terrane along the Tcholliré shear zone. The Central Cameroon fault is a good candidate for the suture zone of an oceanic subduction; however, the Sanaga fault cannot be discarded, if it is demonstrated that the Ngaoundéré arc extended south of the Central Cameroon fault. Consequently, the Adamaoua-Yadé Block does not belong to the Palaeoproterozoic northern part of the Congo Craton, but to a distinct northeastern craton, that may be the "Nile ghost Craton" (Toteu et al., 1990) , partly preserved as Archean to Palaeoproterozoic remobilized remnants in the Saharan Metacraton (Abdelsalam et al., 2002) . Fig. 13 . Position of the Lété-Poli Terrane in the Pan-African Belt. Subduction is suspected, along the Zalbi tectonic zone, with east-south-eastward demising of an ocean, that was between the western Transaharian terranes belonging to the Touareg Craton, and the eastern Saharo-Nilotic Craton (Fig. 1) .
Conclusion
In southern Chad and northern Cameroon, the Lake Léré region exposes the various Neoproterozoic terrains that preserve the geodynamic history of the northern part of the Central African fold belt (Fig. 1) . Four structural groups are distinguished. In sequence, these are (1) the Volcano-Sedimentary Group of Zalbi (VSZ) located in the Zalbi and Goueygoudoum basins, (2) a first intrusion phase of gabbros-diorites (G1), (3) a second intrusion phase of tonalites (G2), and (4) a third and more extensive stage of batholithic dioritic to granitic plutons (G3); (Fig. 2, Fig. 3, Fig. 4, Fig. 5 and Fig. 6 ). In the Zalbi basin, the VSZ consists of four units: a basaltic pile with pyroxenite cumulate layers and ultra-basic slices, sand to clay sequence succession, a black shale deposit including acidic ash-fall layers, and an upper stack of spilitic flows. All these formations are isoclinally folded and cut by steeply dipping reverse faults at their eastern edge. The structural features point to a WNW to ESE compression. Lithology, petrography and geochemistry of the mafic rocks indicate an extensional geotectonic setting and the proximity of a volcanic arc. The trace element signature of the basalts is intermediate between those of back-arc basin basalts and of continental tholeiites (Fig. 7) . The G1 bodies are protomylonitized quartz-gabbroic intrusions at the edges of the Zalbi basin. They underwent the same ESE-directed compression. Their petrochemical signature is calc-alkaline ( Fig. 8 and Fig. 9 ), and may be related to an active margin setting. The G2 formation is a large foliated tonalitic massif. Its structural pattern can be explained by the WNW-ESE compressional stress, at a low structural level (Fig. 10) . Subsequently, the massif was uplifted to a supracrustal position. The geochemical patterns are consistent with a Chili-type continental active margin setting. The G3 batholith is made of associated post-tectonic plutons. Two magmatic pulses are distinguished. The first pulse provided tonalitic magmas (Fig. 9 ) that could have been supplied by residual reservoirs of the volcanic arc. The second pulse corresponds to the abundant granitic plutons emplaced into supracrustal formations metamorphosed in the greenschist to amphibolite facies between the intrusive bodies. Petrographic compositions range from leucogranite, biotite-granite, monzogranite, granodiorite to diorite. All these rocks share the same calc-alkaline to monzonitic post-orogenic signature (Fig. 9) .
In northern Cameroon, the pre-tectonic Poli and Rei Bouba volcano-sedimentary basins are the equivalent of the Zalbi and Goueygoudoum basins, respectively (Fig. 11) . The associated igneous formations are tonalitic to trondhjemitic intrusive rocks showing a calc-alkaline arcrelated signature. Following the assumption of Pinna et al. (1994) of an arc and back-arc basin system linked to a subduction beneath the Adamoua-Yadé Block, we interpret the Léré region in term of fore-arc basin-volcanic arc-back-arc basin that were accreted to the AdamouaYadé Block, along the Tcholliré shear zone (Fig. 12) . This model implies the subduction of a western ocean that was located between the West-Cameroon or Garoua Block that could have belonged to the Central Saharan Ghost Craton (Black and Liégeois, 1993) and the remobilized Palaeoproterozoic Adamoua-Yadé Block (Fig. 13 ). All these terranes are now included in the southern part of the Saharan Metacraton (Abdelsalam et al., 2002) , which therefore represents the amalgamation of juvenile arc-related formations and of different old blocks coming from two former cratons.
